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I. Sco^ 
1.1 This tea method coven the determination 

oT the unconsolidated, undrained compressive 
strength (or maximum prindpal stresdilTerence) 
of cylindrical specimens oT cohesive soils in un­
disturbed. remolded, or compacted conditions 
tiling consunt rate of derormation (strain<on-
trolied) application oT the axial compression test 
load and where the specimen is subjected to a 
conrintng fluid pressure in a triaxial chamber. 
No drainage of the specimen is permitted during 
the test. The test method provides Tor the mea­
surement or the total stresses applied to the spec­
imen, that is. the stresses are not corrected for 
pore-water pressure. The total stress is the sum 
of the efTectivc stress and the pore pa*ssurc. 

1.2 This test method provides data for deter­
mining undrained strength properties and stress-
strain relations Tor soils. 

Niw^ I—The determination of the unconiolidaicd. 
undrained sirength of eohesive KMIS without lateral 
conrinemem is covered by Test Methods D 2l6h. 

NOTE 2—This test method does not provide a pro­
cedure fee hack pressure saturation of the test speo-
aiem. If beck pressure saturation of the specimens is 
eequiied. the test must be performed utilizing proce-
dura and apparatus timiiar to those required for a 
contoiidaied undrained iriaiial test. However, due to 
coaaotidation. which could occur dunng the saturation 
phase, this modified procedure is not truly unconsoli­
dated. A lesi rnethod for the consolidated undrained 
lhaxtal lest is currently under development in Subcom-
mitice OlI.OS. 

NOTE This test method does not include a pro-
otdure for obtaining pore pressure mcssuirments. Fur-
Ihennore. at the rapid strain rates used in this test 
method such mcmuremenu could be inaccurate. If pore 
prewire meBuiemcnu are desired, alternative proce-
dufct such as the U.S. Bureau of Rerianution Method 
E-l7caafaeiMd. 

1.3 The values suied in SI units are to be 
regarded as the standard. 

1.4 77r« standard may //ivo/w hazardous ma-
Itrials. optrations. and equipmt'M. This standard 
diK-s not purpoa to address all the safety prob­
lems assiKiated with its itse. It is the resporuihil-
ity if the user if this standard to estaNish appro­
priate safety and health practices and determine 
the applicahUiiy if regulatory limitations prior to 
use. 

2. Referenced Documems 
2.1 AST.M Standards: 
D422 Method for Paniclc-Si/c Analysis of 

Soils-
D6.V1 Terms and SvmKtIs Relating to Soil 

and RiX'k-
DX54 Test Method for Specific Gravitv of 

Soils-
D 1.-^X7 Prjctur for Thin-Walled Tube Sam-

pling of Soils' 
D2lhh Test Methods for Unconfined Com­

pressive Sirength of Cohesive Soil* 
D2216 Method for Laboratory (determination 

ofWatcr (Moisture) Content of Soil. Rock, 
and Soil-Aggregate Mixtures* 

D24X7 Test Method for Classification of Soils 
for Engineering Purposes* 

D24XX Practice for Ovription and Identifi­
cation of Soils (Visual-Manual Procedure)-' 

' Thi* lot mhad h attBefihr junidiRiM of ASTM Coa>-
mitier IVII on Seil and Rock and n thedinct iRponability of 
Sttfacomautiac 011.03 en Suununl Pmprrun efSoib. 

CwTM adrtion approvnd Apnl 24. |«t7. PuhWted June 
IM7. OngmADy puUiahad aa D 2130 - 70. LJB pRview« 
02130.12. 

*Ammesl Maek efASTU Sumdardt. Vol 0440. 
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D4220 Pranicrs for Preserving and Trans-
poning Soil Samples* 

D43IX Test Method for Liquid Limit. Plastic 
Limit, and Plasticity Index of Soils* 

S. Tersdaolog}' 
3.1 DdinHituis: 
3.1.1 inuxial annprf\Mim nru—» test in 

which a cylindrical specimen of soil encased in 
an impervious membrane is subjened to a con­
fining pressure and then loaded axially to failure 
in compression (as defined in 3.2.1). 

3.1.2 prindpul \ires\ difTfrcnce nr Jwiator 
v/rt'vr—the difference between the major and 
minor principal stresses in a tnaxial test. 

3.1.2.1 Di.umwVw—The principal stress dif­
ference or deviator stress is equal to the axial 
load applied to the specimen divided by the 
correned cross-sectional area of the specimen, as 
prescribed in Section 8. The major principal 
stress in the specimen is equal to the deviator 
stress plus the chamber pressure, and the minor 
principal stress in the specimen is equal to the 
chamber pressure. 

3.2 Dtvuriptiitnx of Tcrm\ Sptrific lo This 
Standard 

3.2.1 tailiirc—the failure stresses arc uken as 
the stres-ves in the specimen corresponding to the 
maximum principal stress diflerence (deviator 
stress) attained or the principal stress difference 
(deviatur stress) at 15^ axial strain, whichever 
is obtained first during the performance of a test. 

3.2.2 unt-onso/idawd-undraint^ timprfwi. • 
v/rcrtirr/i—the value of the maximum principal 
stress differeiKT or deviator stress obtained dur-
iitg the test. 

4. SigBiflcmacc mi Use 
4.) In this lest method, the compressive 

srength of a soil is determined in terms of the 
total stress, therefore, the resulting strength de­
pends on the pressure developed in the pore fluid 
during loading. In this test method, fluid flow is 
not permitted from or into the soil specimen as 
the load is applied, therefore the resulting pore 
pressure, and hence strength, differs from that 
developed in the case where drainage can occur. 

4.2 If the lest specimens are 100% saturated, 
consolidation cannot occur when the confining 
pressure is applied nor during the shear portion 
of the lest since drainage is not permitted. There-
lore. if several specimens of the same material 

are tested, and if they are all at approximatelv 
the same water content and void ratio when they 

. afetested.the> will havcapproxinutely the same 
undrained shear strength.'The Mohr failure en­
velope will usually be a horizontal straight line 
over the entire range of confining strnses applied 
to the specimens if the specimens are fully satu­
rated. 

4.3 If the test specimens are paniallv saturated 
or compacted specimens, where the degree of 
saturatic - is less than 100 *7. consolidation ma> 
occur when the confining pressure is applied and 
during shear, even though drainage is not per­
mitted. Therefore, if several paniallv saturated 
specimens of the same material are lested at 

. different confining stresses, thev will not have the 
same undrained shear nrength. Thus, the Mohr 
failure envelope for unconsolidated undrained 
iriaxial tens on panially saturated soils is usually 
curved. 

4.4 The unconsolidated undrained triaxial 
strength is applicable to ceruin design situations 
in gcotechnical engineering practice where the 
loads are assumed to take place so rapidly that 
there is insufficient time for the induced pore-
water pressure to dissipate and for consolidation 
to occur dunng the loading period (that is. drain­
age docs nol occur). The unconsolidated un­
drained truxial strength is used to determine 
urengths at the end of construction. 

4..^ Compressive strengths determined using 
this procedure may not apply in cases where the 
loading conditions in the field differ significantly 
from those used in this test method. 

S. Apparatus 
S.l A.\ial Loading Dtvice—'Jhc axial com­

pression device may be screw jack driven by an 
electric motor through a geared transmission, a 
hydraulic or pneumatic loading device, or any 
other compression device with sulTicient capacity 
and control to provide the rate of loading pre­
scribed in 7.5. When the loading device is set to 
advance at a certain rate of strain, the actual rate 
of urain shall not deviate by more than ±10%. 
Vibrations due to the operation of the loading 
device shall be kept at a minimum. 

Notf 4—A loading device may be said to provide 
sufficlenily small vibratiom if there arc no vidbie np-
pies in a glais of water placed on the loading platen 
when the device is operating at the speed at which the 
ICS is perfermed. 

r 
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5.2 .4\ia/ LuaJ-.Kieasuring Dtvut^—lhe axial 
load-measuring device shall be a load ring, eke-
tronic load cell, hydraulic load cell, or any other 
load-measuring device capable of the accuracy 
prescribed in this section and may be a pan of 
^ aai^ loading device. The axial load-measur­
ing device shall be capable of measuring the axial 
load to an accuracy of I % of the estimated axial 
load at failure. 

5.3 ChamhfT Prnnre-Mainiaining and Mea-
surement Drvire—The chamber pressure-main­
taining and measurement device shall be capable 
of applying and controlling the chamter pressure 
to within ±1 % of the applied chamber pressure. 
This device may consist of a reservoir connected 
to the triaxial chamber and panially filled with 
the chamber fluid (usually water), with the upper 
pan of the reservoir connected to a compres^ 
gas supply: the gas pressure being controlled by 
a pressure regijlator and measured by a pressure 
gage, electronic pressure transducer, or any other 
device capable of measuring to the prescrited 
tolerance. However, a hydraulic system pressur­
ized by deadweight acting on a piston or any 
other pressure-maintaining and measurement 
device capable of applying and controlling the 
chamber pressure to the tolerance prescribed in 
this section may be used. 

5.4 tnaxtal Comprcsxion ChamtHT—\n ap­
paratus shall he provided in which the cy lindrical 
specimen. eiKlo^ by a membrane sealed to the 
specimen cap and bav. may be placed and sub­
jected to a constant hydrostatic fluid pressure. 
The apparatus shall include a bushing and piston, 
aligned with the axis of the specimen, through 
which the load from the axial loading device is 
transmitted to the specimen axially between the 
specimen cap and base. The hushing arid piston 
^tall be designed to minimize friction and lateral 
thrust to the specimen cap. 

5.5 Spfiinten Cap and Baxe—An imperme­
able rigid cap and base shall be used to prevent 
drainage of the specimen. The specimen cap and 
base shall be constructed of a noncorrosive im­
permeable material, and each shall have a circu­
lar plane surf^ of contact with the specimen 
and a circular cross section. The weight of the 
specimen cap shall produce an axial stress on the 
specimen of less than I kN/m*. The diameter of 
the cap and base shall be equal to the initial 
diameter of the specimen. The specimen base 
shall be coupled to the triaxial compiessioe 

chamber so as to prevent lateral motion or tilting 
and the specimen cap shall be designed to remve 
the piston such that the piston-to<ap contact 
area is concentric with the cap- The specimen 
cap during shear shall not tilt more than 5*. The 
cylindrical surface of the specimen base and cap 
that contacu the membrane to form a seal shall 
be smooth and free of scratches. 

NOTE 5—The suos praduoed by the ipecimea csp 
can excBed I kN/m' provided the tea data a nrrened 
ibrihe cdeeu of that SRU. 

5.6 Dtformaiion Indicator—Tt^ dcformaticn 
indicator shall be a dial indicator capable of 
measuring axial deformation to within 0.03 % of 
the specimen height and having a travel range of 
at least 20% of the initial height of the test 
specimen, or any other measuring device, such 
as electronic deformation measuring devices, 
meetinf these requirements of readability and 
nnge. 

5.7 JtuMtr .i/t7n/>rancs—Th€ rubber mem­
brane used to encase the specirnen shall provide 
leliabie protection against leakage. Membranes 
shall be carefully inspected prior to use. and if 
any flaws or pinholes are evi^nt. the membrane 
shall be discarded. In order to offer minimum 
restraint to the specimen, the unstretched mem­
brane diameter shall be between 90 and 9S % of 
that of the specimen. The membrane thickness 
shall not exceed I 'r of the diameter of the spec­
imen. The membrane shall be sealed to the spec­
imen base and cap by any methtxl that will 
produce a positive seal. An equation for correa-
ing the principal stress difference (deviator stress) 
for the tffen of the stiffness of the membrane is 
given in 8.5. 

NOTI 6—The membrane » ivptcallv waled using 
&nn|s »iih silicon grraw heiwetn ihe cap and baw 
and the membrane. 

5.8 Sample £\:tnider—Jhe sample extruder 
shall be capable of extruding the soil core from 
the sampling tube in the same direction of travel 
in which the sample entered the tube and with 
minimum disturbance of the sample. If the soil 
core is not extruded vertically, care should be 
taken to avoid bending stresses on the core due 
to gravity. Conditions at the time of ample 
removal may dictate the direaion of removal, 
but the principal concern is to keep the degree of 
disturbaince minimal. 

5 9 Spetiirien Size Measurement Devices— 
Devices used to measure the height and diameter 
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of the specimen shall be capable of measuring 
the desired dimension to %rithin 0.1 ̂  of iu 
actual length and shall be constructed such that 
their use wall not disturb the specimen. 

3.10 Timer—K timing device indicating the 
elapsed testing time to the nearest I s shall be 
used for esublishing the rate of strain application 
prescribed in 7.5. 

S. 11 Balances—The balance used to weigh 
specimens shall determine the mass of the spec­
imens to within 0.1 % of the total mass. 

5.12 Apparatus for H 'oter Content, as specified 
in Method D22l6. 

5.13 .Miscellaneous Apparatus—Specimen 
trimming and carving tools, membrane and O-
ring expanders, compaction apparatus, and dau 
sheets as required. 

5. TcatSpcdacas 
6.1 Spixtmen Size—Specimens shall have a 

minimum diameter of 30 mm and the largest 
panicle contained within the test specimen shall 
he smaller than *A of the specimen diameter. If. 
after completion of a test, it is found that oversiec 
panicles are present, indicate this information in 
the repon of test data under remarks. Determine 
the average height and diameter of the test spec­
imen using the apparatus specified in 5.9. Take 
a minimum of three height measurements (120* 
apan) and at least three diameter measurements 
at each of the quancr points of the height. The 
height-lo-diameter ratio of the specimen shall be 
between 2 and 2.5. 

NiiTi 7—If Urge soil panicles are found in the 
speciinen ahcr testing, a pamcle-w/e analysis in accord­
ance with Method D 422 may he performed to confirm 
the \-isual observation and the rcstilu provided with the 
lest report. 

6.2 Cndisturhcd .Specimens—Prepare undis­
turbed specimens from large undisturbed sam­
ples or from samples secured in accordance with 
Practice D 1587 or other accepuble undisturbed 
tube sampling procedures. Undisturbed sampla 
shall be preserved and transported as outlined for 
Croups C or D samples in Practices D4220. 
Specimens obtained by tube sampling may be 
tested without trimming, except for the squaring 
of ends, provided soil characteristics are such that 
no si^ificant disturbance results from sampling 
and the specimen is uniformly circular. Handle 
specimens carefully to minimize disturbance, 
changes in cross section, or loss of water content. 

If compression or any type of noticeable distur-
baiKe would be causri by the extrusion device, 
split the sample tube lengthwise or cut it off in 
small sections to facilitate removal of the speci­
men with minimum disturbance. Prepare 
trimmed specimens in an environment where the 
change in the water content of the soil is mini­
mized (Note 8). Specimens shall be of uniform, 
circular cross section perpendicular to the axis of 
the specimen. Where pebbles or crumbling result 
in excessive irregularity along the outside edges 
of the specimen or at the ends, pack soil from 
the trimmings in the irregularities to produce the 
desired surface. As an alternative, the ends of the 
specimen may be capped with a minimal thick­
ness of plaster of paris. hydrostone. or similar 
material. Where soil conditions permiL a vertical 
lathe accommodating the toul sample may be 
used as an aid in trimming the specimen to the 
required diameter. Determine the mass and di­
mensions of the test specimen in accordance with 
5.9 and 5.11. If the specimen is to be capped, 
detennine its mass and dimensions before cap­
ping. Enclose the specimen in the rubber mem­
brane and seal the membrane to the specimen 
base and cap immediately after preparation. 

N<iii X—A controlled high-humidii) mom iv usu­
ally used for this purpow. 

6.3 RemolJetl SfHrimeus—^tepare the speci­
men hy first thoroughly working the undisturbed 
specimen, which has been tested and is still en-
rased in the rubber membrane, with the fingers. 
Then reform the specimen by forming within a 
mold having dimensions such that the remolded 
specimen dimensions will be equal to those of 
the undisturbed specimen. Exercise care to avoid 
entrapping air in the specimen. This Wrill aid in 
obuining a uniform unit weight, in remolding to 
the same void ratio as the undisturbed specimen, 
and in preserving the natural water content of 
the soil. 

6.4 Ctmipacted Specimens—?npaTe speci­
mens using the compaction method, predeter­
mined water content, and unit weight prescribed 
by the individual assigning the test. Compacted 
specimens may be prepared by compacting ma­
terial in at least six layerv using a pressing or 
kneading action, into a split mold of circular 
cross section having dimensions meeting the re-
quiremenu of 6.1. Material required for the spec­
imen shall be batched by thorWtiy mixing soil 
with sufTicicnt water to produce the desired water 
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the loading to 13^ axial strain, except loading 
may he stopped when the deviator stress has 
peaked then dropped 30 % or the axial strain has 
reached 3 % beyond the strain at which the peak 
in deviator stress occurred. 

7.6 Record load and defonsation values at 
about 0.1,0.2.0.3.0.4. and O.S % strain: then at 
incremenu of about 0.3 % strain to 3 X: and. 
thereafter at every 1 %. Take sufTicient readings 
to define the stress • strain curvr. hence, more 
frequent readings may be required in the early 
stages of the test and as failure is appr oached. 

Nora 14—Ahenaie iaierrab for the feadingi may 
be used provided suffieicBt poiau are obtained to define 
the orcat • strain curve. 

7.7 After completion of the tests, remove the 
test specimen from the chamber. Determine the 
water content of the test specimen in accordance 
with Method D 2216 usng the entire specimen, 
unless representative cutting are obtained for 
this purpose, as in the case of undisturbed speci­
mens. Indicate on the test report whether the 
water content sample was ot^rted before or 
after the shear test, as required in 9.1.2. 

7.8 Make a sketch, or take a photo, of the test 
specimen at railurr and show the slope angle of 
the failure surface if the angle is visible and 
measurable. 

X. Calcubiionv 
8.1 Calculate the axial strain.«(expressed as 

a decirnal). for a given applied axial load, as 
follows; 

. - .k/7/wj 

where: 
A/. " change in length of specimen as read from 

deformation ihdu-aior. and 
• initial length of test specimen minus an> 

change in length prior to loading. 
8.3 Calculate the average cross-sectional area. 

I. for a given applied axial load as follows; 
.1 • .1,^1 - ti 

where; 
.1,, • initial average cross-sectional area of the 

specimen, and 
« a axial strain for the given axial load (ex­

pressed as a decinul). 
Noil IS—In the event thai the appltcaiion uT the 

chamber pmsurr resuhs in a change in the specimen 
tengih. should be corrected to lefieet this ctunge in 
volume. Frequently. Ihh a done by aBumihg that 

lateral arains are equal to vemcal arains. The diameter 
after volume change would be pven by P > Out I -
^L/Ll 

8.3 Calculate the principal stress dinerrnct 
(deviator ureal e. - for a given applied axial 
load as follows: 

P/A 
where; 
F m measured applied axial load (corrected for 

uplift and pismn friction, if required see 
7.4). and 

A B conesponding average cross-sectional area. 
8.4 Sirns-Strain Curve—Prepare a graph 

showing the relationship between principal stres 
difTerence (deviator stres) and axial strain, plot­
ting deviator stres s ordinate and axial strain 
(in percent) s abscissa. Select the compressive 
strength and axial strain at iailure in accordance 
with the definitions in 3 J. I and 3.2.3. 

8.5 Correction of Strength Due to Stiffness of 
Rubber Memhrofle—Assuming units are consist-
enL the following equation, or other acceptable 
equations, shall be used to correct the principal 
stres difTerence or deviator stres for the effect 
of the rubber membrane if (he error in principal 
ares difference due to the aiffnes of the mem­
brane exceeds 3 %; 

Jl", - «»! 
4A-/.. 

/) 
where; 

- "il 

D 

correction to he subtracted from 
the measured principal stres dif­
ference. 

Vv ' diameter of specimen. 

ii 

- Young's modulus for the mem­
brane material, 

a thicknes of the membrane, and 
B axial strain. 

8.3.1 The Young's modulus of the membrane 
nuterial may be determined by hanging a 10.0-
mm wide urip of membrane over a thin rod. 
placing another rod along the bottom of the 
hanging membrane, and measuring the force per 
unit arain obtained by arrtching the membrane. 
The modulus value may be computed uang the 
follcwing equation assuming units art consistent; 

FL 
A^ 
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